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The present invention relates to stimulation or induction of a patient's immune 
response to an antigen, particularly an adaptive immune response in mucosal tissues, 
such as intestinal epitheUal cells. The invention also provides novel mutated and 
truncated flagellin proteins and nucleic acids encoding for these. 

The gut represents a unique niche for bacteria of the normal flora and 
correspondingly for enteropafhogenic microbes. The intestinal epithelium constitutes 
not only the physical barrier that separates the lumenal environment from the host 
nriHeu, but it also acts as a sentinel sensing injuries in the intestinal tract. 
Enteropathogenic bacteria colonize the epillieUum and their intimate interaction with 
the epithehal cells activates proinflammatory signaling pathways (1-3). This innate 
response is essential for rapid clearance of bacteria. Adaptive immunity is also 
stimulated to prevent re-infection, but the mechanisms initiating this response in the 
15 gut epithelium have yet not been identified. 

Dendritic cells (DC) are bone marrow-derived antigen-presenting cells with 
the unique abiUty to induce primary immune responses. The recruitment of DCs into 
the epithelium is therefore a prerequisite to initiate an adaptive response. The 
trafficking of DCs depends on differential expression of CCR6 and CCR7 chemokine 
20 receptors (4-7). The CCL20 chemokine also known as LARC, MIP-3 alpha and 
Exodus is the Ugand of CCR6 receptor (8). Immature DCs express CCR6 and 
efficiently take up soluble and particulate antigens (for review, 9). Maturation of DCs 
is induced by danger signals, i.e. bacterial, viral, or cellular components, and is 
characterized by the upregulation of antigen presentation, co-stimulatory molecules, 
25 and of the CCR7 chemokine receptor that mediates migration of activated DCs to the 
draining lymph nodes. The CCL20 gene is expressed in the epithelium over murine 
Peyer's patches and colon and in human colon, appendix, tonsUs, and skin 
keratinocytes (4, 6-8, 10, 11). CCR6-expressing DCs are found in .tissues close to 
CCL20-expressing epitheUal cells or keratinocytes (6, 7, 10). In CCR6-knockout 
30 mice, subepithelial myeloid DCs are absent in the dome of Peyer's patches and 
mucosal immune responses are unpaired (7). These findings have emphasized the 
instrumental role of CCL20-dependent DC trafficking in induction of ad^tive 
responses in the gut. 
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Enteropathogens compete witb the normal flora and produce specific 
virulence factors to overcome innate defences. Enteroinvasive bacteria (e.g.. 
Salmonella, Shigella, Yersinia, Listeria) adhere and invade the epithelium via M cells 
of Peyer's patches (12). After subepithelial translocation, they invade enterocytes or 
5 phagocytes and/or replicate. Invasive bacteria divert cellular signalling by interacting 
with cell surface receptors or with cytosolic targets using toxms injected into the cell 
cytoplasm via a type HI secretion system (3, 13). Salmonella enterica of vaaous 
serotypes provoke gastroenteritis in mammals characterized by mucosal inflammation 
and diarrhea. Salmonella are the only bacteria that can invade apically enterocytes 
10 along the crypt to villus axis of the small intestine (14). In human intestinal epithelial 
cells, the Salmonella-iadnced inflammatory response is characterized by basal 
secretion of IL-8 (CXCL8) and of various pro-inflammatory chemokines that recruit 
neutrophils in the subepithelial compartment (1, 15, 16). The induction of 11^8 
secretion depends on virulence factors of Salmonella and on epitihelial NF-kB 
15 signaling(l,2, 17, 18). 

The present inventors have investigated whether the release of intestinal 
epithelial chemokines in response to bacteria is able to recruit inmaune cells that 
initiate adaptive immimity. They have previously reported, see PNAS 98 (24) 13722- 
13727, Nov 20^ 2001, that S. iyphimurium flagellins stimulate the secretion of the 
20 CCL20 chemokine from epithelial cells, which triggers DC chemotaxis. They also 
observed that expression of the pro-inflammatory chemokine IL-8 is induced by 
flagellin in the intestinal epithelial cells, (see also Gewirtz et al). 

The present inventors have determined that flagellin, and particularly 
Salmonella flagellin, induce the direct maturation of dendritic cells, as shown by 
25 upregulation of costimulatory molecules and antigen presenting functions for MHC 
class n-restricted responses. Dendritic cells undergo maturation as a prerequisite for 
optimal and effective presention of antigen to lymphocytes. 

The present inventors have determined thus that flagellin, and particularly 
Salmonella flagellin, may be used to induce the immvme response. They have 
30 demonstrated this in peripheral and mucosal tissues, after subcutaneous and intranasal 
routes of immunization. The present invention provides use of flagellin and 
homologues thereof (mutated or truncated or peptides that are fragments thereof) to 
stimulate signalling in epithelial cells, and directly on doidritic cells, resulting in 
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increased antibody and ceU-mediated immune responses in systenric and mucosal 
compaitment. 

The present invention further provides modified, ie mutated or truncated 
flagellins. Such modified flagellins would bind to the activation sites, ie. Toll-like 

5 Receptors (TLRs) or TLR-associated co-receptors on dendritic cells and epitheUal 
cells to activate them, actmg as signalling molecules for these receptors. 

The inventors have determined that Salmonella flagellins specifically 
stimulate CCL20 chemokine expression and secretion by epithelial intestinal cells 
resulting in chemotajcis of immature dendritic cells. Such DC migration could be 

10 essential for uptake of flagellated enteropathogens followed by antigen processing 
and presentation necessary for the induction of an adaptive immune response in the 
gut 

Furthermore, flagellin, when injected subcutaneously with MHC class I 
epitope, stimulates CD8+ lymphocytes to produce IFN-y, suggesting that upregulation 
15 of costimulatory molecules on dendritic cells is sufiBcient to activate Cytotoxic T 
Lymphocyte (CTL) functions directed against peptides loaded on MHC class I 
molecules on dendritic cells. FlageUin is, therefore, particularly usefiil as an adjuvant 
for CDS immune responses against coadministered MHC class I-restricted peptides. 

Flagellin is widely distributed and conserved among distant bacterial species 
20 (25). The domain involved m cell signalling is shared by S. typhimurium FliC and 
FljB and S. enteritidis FiiC molecules indicating that it is located in conserved 
regions, i.e. 170 amino- and 90 carboxy-terminal residues. 

Usmg genetic and biochemical stiategies, the inventors have now determined 
that the amino and carboxy terminal regions are required for cell signalling. The 
25 central region (between residues 191 and 353), which is variable among flagellins 
from various Salmonella serotypes and fi»m various bacterial species, does not play a 

role in cell signalling. 

Flagellins from various Gram negative or positive bacteria, including L. 
monocytogenes, are pro-inflammatory in the picomolar range (inventor's observations 
30 and (21, 24, 26-28)). Therefore, flagellin presents all features of pathogen-associated 
molecular patterns (PAMP). 

Toll-like receptors (TLR) are mvolved in signal transduction of mammalian, 
plant and insect PAMPs (29). Recently, TLRS has been shown to mediate flagelUn- 
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dependent signalling in transfected mammalian cells (28), TLR5 is expressed in 
Caco-2 cells (30), suggesting that in the gut, flagellin could trigger chemokine 
expression via TLR5. Moreover, in human intestine, TLE15 is detected on tiie apical 
and basal surfaces of enterocytes (30). LPS, which signals injury in peripheral tissues 
5 or in sterile mucosal tissues, is inactive in the gut lumen where the Gram negative 
bacteria are abxmdant. The gut has developed detection system for danger using other 
PAMPs, Flagellin is one PAMP candidate, but other bacterial factors are involved in 
mucosal cell signalling, for instance E. coli P fimbriae in urinary epithelia triggers 
inflammation via TLR4 (3 1). 
10 The inventors have shown that various enteropathogenic but not commensal 

bacteria stimulated CCL20 and IL-8 gene expression. la pathogens, flagella are 
expressed during infection and the associated-motility is crucial for virulence (3). 
Pathogenic bacteria produce also virulence factors for specific adhesion, and/or 
invasion, and/or injury of epithelial cells (3). Commensal bacteria can also be 
15 equipped with flagella. However, even if expressed in v/vo, the flagella of commensal 
bacteria are probably not contacting the epithelial cells. The microbial flora is 
confined to luminal compartment and mucus layer (32). We propose that in vivo, only 
enteropathogenic bacteria could bring flagellin in close contact to the epithelial cell 
surface resulting in mduction of cell signalling. Alternatively, non-pathogenic 
20 bacteria have been shown to dowiuregulate the pro-inflammatory cascade in 
epithelium (33), a mechanism that could also result in absence of flagellin-mediated 
signalling. 

The gut is tolerant to most lumenal material including resid^t bacteria. Under 
steady state conditions, immature DCs are continually entering the gut probably via a 

25 constitutive CCL20-dependent mechanism and are sampling antigens (4, 7), The 
absence of injury and/or the anti-inflammatory environment of the gut have been 
proposed to induce tolerance (for review, 34) since antigen presmtation by DCs 
occurs in absence of co-stimulation. The coupling of CCL20 and IL-8 transcriptional 
activation could be crucial for induction of protective immune responses in the gut. 

30 Flagellin was already known to induce the pro-inflammatory IL-8 chemokine 
expression m epitheUal cells (21, 24, 27). The resulting inflammation provides danger 
signals, especially TNF-alpha and EL-l cytokines, required for DC maturation. Thus, 
DCs attracted upon flageUin-stimulation maybe fully activated and potent stimulators 
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for adap^vo responses. The recruitment of memory CD4 and B lymphocytes by 
CCL20 coiild also contribute to immunity in the gut (35). 

Transcriptional activation of IL-8 and CCL20 genes is mediated by NF-kB 
(p65/p65 and p50/p65) (11, 18). A p65 binding site is present in the regulatory 
5 sequences of both IL-8 (18) and CCL20 genes (contig NT022115.2, -150 bp from 
ATG). This is consistent with the flagellin-dependent TLR5-mediated NF-kB 
signaling (28). The coupling of IL-8 and CCL20 expression is however not absolute. 
IL-8 gene transcription is significantly higher in epithelial cells exposed to live 
Salmonella compared to heat-killed bacteria or to flagellin whereas CCL20 mRNA 

10 levels remain the same. Therefore, activation of CCL20 expression seems to depend 
uniquely on flagellin, while IL-8 transcription is modulated by otiier components 
delivered by live bacteria as described previously (1, 2, 33). 

Lnmature DCs recruited upon interaction of enteropathogenic microbes with 
epitiielial cells could constitute an appropriate niche for bacterial survival and 

15 dissemination. S. typhimurium are taken up in Peyer's patches by subepithelial DCs 
(36). The survival of S, typhimurium in DCs is independent on virulence factors 
required for intracellular survival in macrophages (37). Therefore, the subepitheUal 
immature DCs are the most potent candidate to carry the bacteria from the intestine to 
deeper organs such as mesenteric lymph nodes, spleen or liver, where it is transferred 

20 to macrophages. The chemokine-stimulating activity of flagellin could be essential to 
enhance migration of DCs into subepithelial areas of Peyer's patches and villi. 
Dissemination via DCs has been documented for Z. monocytogenes (38). 

Like Salmonella, L. monocytogenes produces flagella that are coordinately 
expressed with other viralence factors. Whether Listeria flagella are induction factors 

25 for CCL20 and whether immature DCs are vehicles for these bacteria are important 
questions to address for pathogenicity. Recently, Rescigno and coworkers reported 
that, both in vitro and in vivo^ mouse DCs penetrate intestinal epithelium to sample 
Iximenal bacteria (39). It remains to be tested whether this process is flagelUn- and 
CCL20-mediated since the rapid migration of DCs do not parallel the CCL20 

30 induction observed in Caco-2 cells. However, in mouse, adnunistration of ileal ligated 
loops with flagellin results in induction of CCL20 gene transcription in epithelium of 
Peyer's patches and villi (Fig. 10). These observations show that flagellin effect in the 
gut epithelium is physiologically relevant. 
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The ability of flagellin signalling in innate and adaptive immunity provides 
new prospects in mucosal vaccination. 

Monomeric fiagellin signals in epithelial intestinal cells which results in 
CCL20-mediated recruitment of dendritic cells. Recruitment of dendritic cells at 
5 mucosal sites allows efficient uptake, processing, and presentation of antigens and 
vaccines in the draining lymph node. Therefore flagellin functions such as to enhance 
inmiune responses to co-administered antigens. 

CCL20 seems to be instrumental for mucosal immune responses since CCR6 
(receptor for CCL20 found on inmiature dendritic cell) knockout mice are impaired in 
10 such responses. Moreover, the trafficking of DC is known to be essential for 
mounting adaptive immune responses. 

Thus the inventors have now detemiined that flagellin or fragments of 
flagellin can be used to induce the adaptive immune response via epithelial cells and 
dendritic cells, e.g. stimulate, increase or initiate an adaptive immune re^onse to an 
15 antigen. The antigen may be any target antigen to which it is desired to induce or 
enhance an inmiune response, the target antigen may be present in the body of the 
patient, e.g. pathogenic microorganisms, or it may be adndnistered to the patient, e.g. 
in the form of a vaccine. 

Thus the present invention provides a method of inducing an adaptive immune 
20 response in a patient to a target antigen comprising administering to the patient a 
flagellin protein, or a peptide fragment thereof, in an amount effective to induce said 
response. 

Preferably the first aspect also provides a method of inducing the adaptive 
immune response of a patient to a target antigen comprising administ^ing to the 
25 patient an effective amount of flagellin protein or peptide fragment thereof capable of 
directly inducing tihe dendritic cell-dependent adaptive inmiune response or indirectly 
by recruiting dendritic cells at mucosal surfaces via the stimulation of epithelial cells. 
More preferably the first aspect provides a method of inducing the cell adaptive 
iirmaxme response of a patient to a target antigen comprising administering to the 
30 patient an effective amount of a flagellin protein or peptide fragment thereof capable 
of directly inducing the dendritic cell-dependent adaptive immime response wherein 
dendritic cell maturation is induced, more preferably increased. 

A second preferred aspect of the present invention provides a method for 
inducing the adaptive immune response in the gut mucosa or more generally in any 
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mucosal epithelium of a patient to a target antigen comprising administering to the 
padent an effective amount of a flagellin protein or peptide fragment thereof having 
an agonistic effect on CCL20 release. 

Particularly the first and second preferred aspects of the present invention 
5 provide a method of inducing the adaptive immune response to a target antigen 
wherein the induction is by recruitment of immature dendritic cells. Preferably the 
flagellin or peptide fragment thereof used in the first and second preferred aspects is 
administered parenterally or transdennaUy. More preferably the flagellin or peptide 
fragment thereof used in the first and second preferred aspects is administered via the 
10 mucosal route; oral delivery is particularly preferred; still more preferably intranasal 
delivery. The flagellin or peptide fragment thereof may, for example, be administered 
alone, or in series, or co-administered, with a target antigen, particularly in the form 
of a vaccine adjuvant. 



15 invention there is provided a method for inducing recruitment of immature dendritic 
cells in oral vaccination, or intranasal vaccination, such as to induce an adaptive 
immune response comprising administering a flagellin protein or peptide fragment 
thereof with an antigen to which it is desired to induce said response. 



20 invention includes at least one of the conserved regions of the N temiinal sequence or 
the C terminal sequence of flagellin. More preferably the flagellin protein used in the 
first and second aspects of the invention includes at least one of the conserved regions 
of the 170 N terminal sequence and the 90 C terminal sequence of Salmonella 
flagellin, particularly the conserved regions shared by S. enteritidis or S.typhimurium. 

25 Preliminary results suggest that the region having this activity can be restricted to 
residues 1-190 and 354-494 of iS typhimurium. 

Particularly is provided use of such flagellin protein as a vaccine adjuvant. 
Preferred peptide sequences for agents for use in the first subset are &om 10 to 
60 amino acids long, more preferably of 20 to 45 anoino acids long and have high 

30 homology, e.g. 70% or more, more preferably 90% or more, to the corresponding 
parts of the sequences described herein as being involved in signalling in Caco-2 cells 
(See Figure 8). More preferably the sequences have 70% or more identity to said 
parts of sequences. 



In a first subset of the first and second preferred aspect of the present 



Preferably the flagellin protein used in the first and second aspects of the 
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Descriptioi^Shomology and identity and how this may be determined wiU 
be weU known to those skiUed in the art. Particular interpretations may be as 
described in PCT/EPOO/09325, and its corresponding US filing derived therefirom 
which is incorporated herein by reference. Homology and identity can be determined 
5 also by matching amino acids in order between sequences with introduction of gaps 

or deletions as required. 

In a third aspect of the present invention ihere is provided use of a flagellin 
protein or peptide fragment thereof in the manufacture of a medicament for inducing 
recruitment of immature dendritic cells in mucosal vaccination such as to induce an 
10 adaptive immune response; more preferably oral or intranasal vaccination. Thus a 
preferred use is as an adjuvant, e.g. m an oral or intranasal vaccine. In a subset of the 
third aspect there is provided use of a flagellin or a peptide fragment thereof for 
inducing an ad^tive immune response to an MHC Class I restricted peptide in 
subcutaneous vaccination. 
15 A fourth aspect of the present invention provides a flagellin protein or peptide 

fragment thereof having agonistic effect on one or both of (a) CCL20 release from gut 
epithelial cells and (b) dendritic cell maturation, for use in therapy characterised in 
that the protein or peptide is truncated, mutated or has deletions therein which aUow it 
to retain its ability to induce the immune response. 
20 One preferred protein or peptide fragment of the fourth aspect retains the 

abiUty to bind to intestinal or dendritic flagellin receptors, e.g. TLR and associated 
rec^tors, and retain irmmme signalling. 

Preferred proteins and peptides for the second, third and still further aspects 
will be as set out above for tiie first and second aspects. 
25 A fifth aspect of the presaat invention provides a composition comprising a 

protein or peptide fiagment of the invention together with a pharmaceutically 
acceptable carrier, excipient or diluent, or such protein or fragment in sterile and 
pyrogott fi«e form. 

A sixth aspect of the present invention provides a method for producing an 
30 inducer of the intestinal epithelial immune response comprismg producing a protein 
or peptide fragment thereof that corresponds to the S typhtmurium flagellin amino 
acid sequence but which has been mutated, deleted or truncated such as to retain 
intestinal flageUin receptor biuding properties while having active immune signaUing 
properties. 
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Preferred inSods of the sixth aspect comprise producing a DNA encoding 
for said mutated, deleted or truncated flagellin, e.g. by use of site directed mutation 
PGR primers. 

The present invmtion will now be described by way of illustration only by 
5 reference to tihe following non-limiting examples. Further embodiments falling witiiin 
the scope of the invention wiU occur to those skilled in the art in the light of these. 



FIGURES 
10 Figure 1. 

& typhimurium-xegviated expression of CCL20 gene in epithelial cells. Caco-2 cells 
in Transwell cultures weace infected apically for 45 min with S. typhimurium 
ATCC14028 (moi=100), washed and incubated for the indicated times in gentamicin- 
supplemented medium, (a) Transcriptional activation of CCL20 gene: Total RNA 
15 was extracted and reverse transcribed. CCL20 mRNA levels were quantified using 
real-time PGR and 18S rKNA ampticons as standards. Values were expressed as 
relative increase of CCL20 mRNA quantity compared to non infected Caco-2 cells, 
(b) Secretion of CCL20 chemokine in basal culture medium. CCL20 concentration 
was measured by CCL20-specific ELISA on cell culture medium of Caco-2 cells. 

20 

Figure 2. 

Pathogen-specific induction of CCL20 transcription in epithelial cells. Monolayers of 
Caco-2 cells were exposed apically for 45 min to bacterial strains (moi=100) and 
incubated for 2.5 h in gentamicin-containing medium. CCL20 expression was 
25 quantified by real-time RT-PCR. ATCC14028 was used as a positive control of 
CCL20 induction. Results are representative of at least 2 uidependent experiments. 
CCL20 transcription was analyzed upon exposure to (a) laboratory E. coli DH5a, (b) 
bacteria fiwm human colon flora: E. coli EMO, B. vulgatus, and B. bifidum, and (c) 
enteroinvasive bacteria: S. enteritidis SE857 and£. monocytogenes L028. 

30 

Figure 3. 

Salmonella induction factor for CCL20 expression is a heat stable secreted protein. 
Polarized Caco-2 cells were exposed apically for 45 min to bacteria (moi=100) (a). 
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Then, cells were incubated for 2.5 h in gentamicin-supplemented medium. 
Alternatively, cells were exposed for 3.25 h to bacterial products at the mdicated 
concentrations (b, c). Activation of CCL20 gene transcription was quantified by real- 
time RT-PCR. Results are representative of at least 3 independent experiments, (a) 

5 Induction of CCL20 transcription is independent on 5a/mone//a-mediated invasion, 
(b) LPS-independent CCL20 transcription. Epithelial cells were treated ^ically or 
basally with lOng/ml of LPS bom S. typhimurium. (c) Induction factor is a 
Salmonella secreted protein. Cells were exposed apically to lOOul supematants ftom 
S. typhimurium, heat-treated supernatant, or trypsin-digested and heat-treated 

10 supernatant. LB broth treated in the same conditions was used as control. 



Figure 4. 

Salmonella flagellins are inducing factors of CCL20 and IL-8 transcription in 
epithelial cells. Polarized Caco-2 cells were treated apically with bacteria (moi=100) 
15 or flagellin. CCL20 and IL-8 gene transcription was quantified by real-time RT-PCR 
(a, b). Results are representative of at least 3 independent experiments, (a) Cells were 
infected for 45 min with S. enteritidis, Ha&fliC mutant SEFK32, or SEFK32(pRP2) 
(complemented with the FliC flagellin of 5. typhimurium) and incubated for 2.5 h in 
gentamicin-containing medium, (b) Dose-dependent induction of CCL20 and IL-8 
20 expression by flagellin. Cells were exposed ^ically for 3.25 h to purified S. 
typhimurium FUC flageUin at the indicated concentrations, (c) Flagellin expression in 

Salmonella strains. Supematants (0.5 ml) fix)m Salmonella cultures or purified S. 

typhimurium FliC flagellm (1 ng) were analyzed after SDS-PAGE by Coomassie blue 

staining (upper panel) and by immunoblotting (lower panel) with flagellin-specific 
25 Ab. Arrow and asterisk indicate the position of flagellins firom ATCC14028 (52 KDa) 

and SE857 (56 KDa), respectively. Agglutination with flagellin-specific antibody was 

peiformed on bacteria grown in the same conditions. 



30 Figure 5. 

Immature DCs migrate in response to medium firom flagellin-treated epithelial cells. 
rhCCI20 (7 ng/ml), control medium or basal mediirai of untreated or of flagellin- 
treated Caco-2 cells (7 ng/ml of CCL20) were used in migration assays of immature 
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DCs. When specified, CCL20-specific mAb was mixed wifli medium 30 min before 
assay to neutralize CCL20. Results are representative of 2 independent experiments. 



Figure 6. 

5 TLR-5 expression-see legend on figure. 



Figure 7, 

Induction of CCL20 transcription in epithelial cells by Salmonella flagelUn. 



10 Figure 8. 

The amino acid sequence of flagellin FliC firom Salmonella typhimurium.. Bold 
underlined residues indicate the proposed signalling region. EMBL accession number 
for the whole flagellin sequence is D 13689, fi-om which the encoding DNA is also 
available. 

15 

Figure 9. 

Histogram of TLR5 mKNA levels of various cell types isolated firom mouse spleen as 
determined by RT-PCR. 

20 Figure 10. 

Flagellin induces CCI^O transcription in vivo in mouse small intestine villi and 
Peyer's patches. BALB/c mice were anesthetized and ligated loops of small intestine 
(ileum) were prepared. Loops were injected intralumenally with 100 jig flagellin or 
100 [ig ovalbumin as negative control (in 200 \x\ PBS). Two hours later, mice 
25 sacrificed and ileal loops were frozen to prepare thin sections oif tissues. 
Hybridization with radiolabeled antisense CCL20 RNA was performed. After 
development, section were counterstained and observed under light microscope. 
Region containing a Peyer,s patch or viUi are shown. 



30 



Figure 11> 

IFN-y release by lymphoid cells in response to flagellin, oil and control adjuvants 
with T helper peptide.. 
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Ftgrures 12A and 12B 

Flow cytometry results showing that dendritic cells are specifically activated by 
flagellin. 

5 Figure 13 

Flagellin induces maturation of dendritic cells in-vitro. Flagellin is active at a low 
concentration, lOng/ml. 

Figure 14 

10 Flow cytometry results showing maturation of dendritic cells in-vivo in response to 
flagellin. 

Figure 15 

Histogram of anti-ovalbumin and anti-flagellin antibody titre in semm from mice 
15 immunized with flagellin, OVA, LPS or trypsin digested flagellin. 

Figures 16A and 16B 

Histograms of serum antibody response to flagellin and OVA in BALB C mice 
(figure 16 A) and NMRI mice (figure 16B). 

20 

Figure 17 

Histogram of IFN-y release by spleen cells in response to ovalbumin, ovalbumin and 
flagellin, and ovalbumin and T helper petide in IFA. 

25 Figure 18 

Graph showing ovalbumin specific antibody titre in serum sample from mice 
immimized with flagellin via the mucosal route (intranasal). Mice were immunized on 
days 0 and 21 via the intranasal route with ovalbumin or ovalbxmiin and flagellin. 
Ovalbumin specific antibody response was measured on Day 28 serum samples by 
30 ELISA. 

Figure 19 
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Graph showing ability of flagellin to signal (via induction of CCL20) in Caco 2 cells 
stably transfected with CCL20 luciferase reporter construct. All trypsin fragments 
deleted from the conserved distal regions 1-52 and 451-494 are devoid of signaling 
activity. 

5 

Figure 20 

Graph showing quantitative analysis of cell signalling of flagellin trypsin fragments 
in Caco 2 cells stably transfected with CCL20 luciferase reporter construct. Trypsin 
fragments deleted from any of the conserved distal regions 1-58, 462-494, and 487- 
10 494 are strongly impaired in signaling activity. 

Figure 21 

Graph showing impaired signalling of flagellin mutants (genetically engineered 
truncated forms) in Caco 2 cells stably transfected with CCL20 luciferase reporter 
15 construct. Among truncated mutants genererated by genetic engineering, only the 
molecule delta 191-353 is signaling. 

Figure 22 

Graph showing quantitiative analysis of cell signalling of flageUin point mutants and 
20 deleted forms. All flagellin point mutants and deleted forms in the conserved region 
are signaling in the same concentration range as wild type molecule. 

EXAMPLES 
Methods 

25 Bacterial strains and culture conditions. The bacterial strains are Usted in 

Table 1. SIN strains were obtained by phage P22 HT105/i>2^-i transduction. 
Salmonella or E. coli were grown in Luria-Bertani (LB) broth for 24 h at 37°C, then 
diluted 1/rOOO in LB broth and grown in standing conditions for 18 h at 37°C (19). 
Bacterial concentration was estimated to 10^ bacteria per ml per OD unit at 600 nm 

30 and calculated by plating, Ampicillin and kanamycin were added at 100 and 40 
(ig/ml, respectively. L. monocytogenes was grown in brain heart infusion medium 
(BHI) at 37°C, B, bifidum and B. vulgatus in BHI at 37°C in anaerobic GasPak™ 
(Becton Dickinson, Cockeysville) jar using a glycerol frozen inoculum. Superaatants 
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were filtered to remove residual bacteria and proteolysis was performed at 37°C for 
30 min with trypsin 10 ^ig/ml (Worthington Biochemical Corporation, Lakewood). 
When specified, bacteria or supematants were heat-treated for 20 min at 65°C. For 
complementation, the ampicillin resistant plasmid pRP2 harboring an EcoRI fragment 
with S. typhimurium fliC genes (gift of K. Hughes) was introduced in Salmonella. 
Flagellin expression was checked by (i) agglutination with rabbit Salmonella H 
antiserum poly a-z G^ifco laboratories, Detroit), (ii) motiUty in 0.35% agar, and (iii) 
by SDS-PAGE analysis of supematants and immunoblot with poly a-z serum and 
peroxidase-conjugated anti-rabbit serum (Sigma, St. Louis). 



Cell culture and stimulation. The human colon adenocarcinoma cell line 
Caco-2 clone 1 was grown in DMEM with glutamax, 10% FCS, 1% non-essential 
amino acids and 4 ng/ml transferrin (cell culture products from Gibco BRL, 
RockviUe). T-84 intestinal epithelial cell Une was grown in 50% DMEM, 50% Ham's 
15 F12 medium, 10% FCS and 2 mM L-glutamine. Cells were grown for 10 days at 
37''C under 5% COj on Transwells (6 mm diameter, 3 |xm pore. Coming Inc., Acton). 

2 2 

The average of transepithelial electrical resistance was 450 cm and 1000 CI cm 
for Caco-2 and T-84 cells, respectively. Differentiation was also checked by the 
presence of apical microvilli and by upregulation of apical sucrase isomaltase with 

20 specific antibodies (gift from A. Zweibaum) using electron and confocal microscopy. 
Bacteria or bioactive materials were suspended in complete DMEM and added either 
apically (300 jil) or basally (1 ml). For infection, cells were incubated for 45 min with 
10* bacteria, i.e. a multiplicity of mfection (moi) of -100, washed witii PBS, and 
incubated with medium containing 50 ng/ml gentamicm (5 ng/ml for Listeria) to kill 

25 extraceUular bacteria: Alternatively, cells were exposed to supernatant, 
Upopolysaccharide (LPS) or flagellin for the duration of experunent. At indicated 
times, total RNA was prepared and/or culture medium wore recovered. 

Real-time quantitative PCR for analysis of mRNA levels. Total RNA was 
30 isolated from cells of 3 Transwell filters (Rneasy, Quiagen, Switzerland) and reverse 
transcription (RT) was perfonned on 100 ng using Superscript H (Gibco BRL). 
Resulting cDNA (1 ng) was amplified in tripUcates by the SYBR®-Green PCR assay, 
and products were detected on a Prism 5700 detection system (SDS, ABI/Perkin- 
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Elmer, Fooster City). PCR reactions were incubated for 2 min at SO^'C and for 10 min 
at 95°C, followed by 40 amplification cycles with 1 min annealing/extension at SO'^C 
and 15s denaturation at 95''C. The 18S ribosomal RNA was iised to standardize the 
total amount of cDNA. The primers for CCL20 (CCAAGAGTTTGCTCCTGGCT 
5 and TGCTTGCTGCTTCTGATTCG), IL-8 (CACCGGAAGGAACCATCTCA and 
GGAAGGCTGCCAAGAGAGC), and 18S (ACATCCAAGG AAGGCAGCAG and 
TTTTCGTCACTACCTCCCCG) designed from sequences (NM004591, Y00787, 
and X03205) yielded PCR products of 75, 72 and 65 bp, respectively. Specificity of 
PCR was checked by analyzing melting curves and sequencing. Relative mRNA 
10 levels (2^^) were determined by comparing (i) the PCR cycle threshold (C) between 
cDNA of the gene of interest and of 18S rRNA (AC), (ii) AC values between treated 
and untreated conditions (AAC). SD of relative mRNA levels were calculated as 

follows: 2(AAC±V{SD[ACtr«itcd]2 + SD[ACu„ti«ited]2}X increase of RNA levels 
lower than 2 fold were not considered as significant. 

15 

CCL20-specific ELISA. Microplates coated with 3 |ig/ml human CCL20' 
specific mAb (clone 67310.111, R&D Systems, Miimeapolis) were used to capture 
CCL20 in culture medium. Goat anti-human CCL20 (R&D Systems) diluted at 
lp,g/ml was used as the detection Ab and development was performed with 
20 peroxidase-conjugated rabbit anti-goat Ab (Sigma) diluted l/2'OOO. CCL20 
concentration was calculated from a standard curve using recombinant human (rh) 
CCL20 (R&D Systems). The detection threshold was 0.5 ng/ml. 

LPS and flagellin purification. LPS was purified by hot phenol extraction as 
25 described previously (20). Alternatively, commercial S, typhimurium LPS was used 
(L-6511, Sigma). Flagellin was prepared from Salmonella strain SEFK32(pRP2) 
grown for 16 h at 3TC with agitation in LB as described previously (21). Briefly, 
flagella were sheared from surface, pelleted by ultracentrifiigation, and acidified to 
release flagellin monomers. FlagelUn was concentrated in PBS and stored at -80°C. 

30 

Generation of CD34"*'-derived DCs. Progenitors were isolated from 
umbilical cord blood by positive selection using anti-CD34 mAb (Immu-133.3, 
Immunotech, France), goat anti-mouse IgG-coated microbeads and MidiMacs 
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columns (Miltenyi Biotec, Germany). CD34* cells were grown in RPMI-1640, 10% 
FCS, 200 U/ml rhGM-CSF (Schering-Plough Research Institute, Kenilworth), 50 
U/ml rhTNFa (PeproTech Inc., Rocky Hill) and 10 U/ml rhSCF (R&D Systems). 
After 7 days, the cells (30-50% CDla* DCs, 25-35% CDla"CD14* DC precursors, 
5 and undifferentiated CD34* cells) were collected. 

Chemotaxis assay. Supematants from Caco-2 cells cultured in complete 
DMEM (2% FCS), or rhCCL20 were added to 24 well plates and 5x10^ DCs to 
Transwell inserts (5 fxm pores. Coming Inc.). Plates were incubated for 1.5 h at 37°C. 
10 Migrated cells were stained with FITC-labeled anti-CD la mAb and PE-labelled anti- 
CD14 mAb and counted by flow cytometry. For neutralization, samples were 
incubated for 30 min at 37°C with 10 jig/ml of goat anti-CCL20 Ab. 



Flagellin purilicatioii for immunization of micfe FliC-producing S. 

15 typhimurium strain SIN22 (fljB5001::Mudjr) and flagellin-deficient SIN41 
(fliC5050::MudJ fljB5001::Mud-Cam) were obtained by phage P22 HT105/int-l 
transduction using strains TH714 and TH2795 (gifts from K. Hughes), respectively, 
as donor and the wildtype strain ATCC14028 as recipient (43, 47). Flagellin was 
prepared from strain SIN22 grown for 16 h at 37°C with agitation in Luria Bertani 

20 medium as described previously (48). Briefly, flagella were sheared fix>m surface, 
pelleted by ultracentrifiigation, and heated for 30 min at 65°C to release flagellin 
monomers (5 mg/1 culture). Flagellin was concentrated in PBS, filtered throu^ 100 
kD cut-off device, depleted of endotoxin activity using Detoxi-Gel AflBnity Colums 
(Pierce), and stored at -20*'C. Endotoxin contaminations were quantified using 

25 Limulus amebocyte lyssAis Pyrochrome assay (C^e Cod incorporated); in the four 
independent batches used in this study, endotoxin amounts ware less than 20 pg per 
Hg flagellin. Similar preparation from strain SIN41 without endotoxin depletion were 
performed to control contamination by microbial products unrelated to flagellin. 
When specified, flagellin was totally digested at 37°C for 30 min with cell culture 

30 quality trypsin 0.05%/EDTA 0.02% solution (Biochrom AG) followed by 1 h 
inactivation at 70°C. Flagellin purity was assayed by SDS-PAGE analysis and 
immimoblot with flagellin-specific mouse polyclonal serum and peroxidase- 
conjugated anti-mouse IgG (Biorad). Flagellin-specific serum was obtained on day 35 
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from C57BL/6 immunized subcutaneously twice on days 0 and 26 with 40 ng 
flagellin + CFA and 20 flagellin + IFA, respectively. 

Ovalbumin (OVA, Grade VH, Sigma) and hen egg lysozyme (HEL, Appligen) 
were also detoxified using polymixin column (<20 pg endotoxin per \ig protein). 
Protein concentration was determined by the Bradford mi(»oassay (Bioiad). 

Antibodies and flow cytometry. FACS® staining analysis was performed 
using the following mAbs: anti-CD 11 c-FTTC or -PE or -biotin (clone HL3), anti- 
MHC n-PE (clone 2G9), anti-B220-Cy5 or -CyChrome (clone RA3.6B2), anti- 
CD8a-CyChrome (clone 53.6.7), anti-CD4-CyChrome or -biotin (clone LT4), anti- 
CD80-biotin (clone 16-lOAl), anti-CD86-biotin (clone GL-1), anti-CD40-biotin 
(clone 3/23) (PharMingen). Anti-F4/80-FITC or -biotin (clone F4/80) and anti-MHC 
n-biotin (clone 11, 54.3) were purified and conjugated in flie laboratory. 
Biotinylated C4H3 mAb that recognizes peptide HEI^^i of in the context of I-A^ 
(49) was a kind gift of Pr. R. Steinman (Yale University, USA), Biotinylated 
antibodies were revealed with streptavidin conjugated either to PE (Serotec), 
CyCairome ^PharMingen) or allophycocyanin (Molecular Probes), Flow cytometry 
was performed using three or four colors FACSCalibur™ cytometer and analyzed 
using CELLQuest™ software (Becton Dickinson). 

RT-PCR analysis of TLR5 mRNA. Total RNA was isolated and treated with 
DNase I (Quiagen). Reverse transcription (RT) was performed using Superscript n 
(Gibco BRL). For mouse BM or splaiic cells, cDNA was amplified by the SYBR®- 
Green PGR assay using primers specific for TIJ15 CGCACGGCTTTATCTTCTCC, 
GGCAAGGTTCAGCATCT TCAA and for IBS ribosomal RNA to standardize the 
total amount of 18S RNA, as described (47) . The specificity of the PGR was checked 
by analyzing melting curves and sequencing. Relative mRNA levels (2^*^) wa-e 
determined by comparing (i) the PGR cycle threshold (C) between cDNA of the gene 
of interest and of 18S rRNA (AC), (ii) AC values subtracted to AC value obtained for 
total splenocytes, which was chosen as an arbitrary reference (A AC). 

(For human cells, standard PCR was performed with 40 cycles (94°C 
45 sec, 53°C 45 sec, 72°C 1 min) using the following primers for human TLR5: 
AGTTCTCCCTTTTCATTGTATG and GAATCTGTTTTGGTGACTGTAT (259 
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bp), and human p-actin: TGACGGGGTCACCCACACTGTGCCCATCTA and 
CTAGAAGCATTGCGGTGGACGATGGAGGG 660bp). 

Detection of flagellin- and OVA-specific antibodies in seriim of 
5 immunized animals. Serum was sampled and analyzed by ELISA as described (42). 
For IgG measurements, microplates (Maxisorp Nunc, Life Technologies) were coated 
with 100 ng flagellin or 1 Dg OVA per well in PBS. Preimmune sera and sera from 
mock-immunised mice were used as negative controls. Detection of total IgG was 
perforaied with peroxidase-conjugated goat anti-mouse IgG (Biorad) and titres were 
10 expressed as reciprocal of the highest dilution that yielded an absorbency of 0.1. 
Absolute quantification of IgGl and IgG2a titres was performed using reference 
serum and either rabbit anti-mouse IgGl or sheep anti-mouse IgG2a conjugated to 
peroxidase (Serotec) or biotin-conjugated goat anti-mouse IgGl and IgG2a (Caltag). 

15 Preparation of mouse bone marrow derived dendritic cells. Bone marrow- 

derived DCs were cultivated from femoral and tibial bones of mice (44), Briefly, the 
bone marrow cells were depleted in RBC, plated at 2x10^ cells ml"^ in culture-treated 
6-well plates (Nunc) in the presence of 10 ng/ml of GM-CSF (Biosource) in complete 
RPMI 1640 medium containing 10 % PCS (Myoclone superpltis), 2mM L-glutamine, 

20 10 mM HEPES, 1 mM sodium pyruvate (Gibco BRL). Three days later, fresh 
medium supplemented vsdth GM-CSF was added. On day 6, either whole cells or 
floating cells were stimulated as mentioned. The cell phenotype was analyzed by flow 
cytometry using antibodies specific for various surface markers. 

To analyse TLR5 expression, bone marrow CDllc"*" cells were isolated by 

25 positive selection using MACS magnetic beads coupled to CDllc antibodies (N418, 
Miltenyi Biotech). The purity of DCs was -90%. 

Analysis of splenocytes and cytokine release. To analyse splenocytes and 
cytokine release in the serum, flagellin, S. typhimurium LPS (L-6511, Sigma) or 
30 phosphorothioate CpG oUgonucleotide (TCCATGAC GTTCCTGATGCT, 
Eurogentec) were injected in the tail vein. Spleens were harvested for isolation of 
splenocytes and/or sera were collected at different time points depending on the 
experiment. 
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Preparation of cells from spleen of immunized mice. Splenic DCs were 
isolated as previously described (41). Briefly, small fragments of spleen were 
incubated with 0.5 mg/ml Collagenase D (Roche) and 40 ^g/ml Dnase I (Roche) in 

5 RPMI 1640 medium supplemented with 5% FCS for 10 min at 3TC. After 
mechanical dissociation, the cells were extensively washed in PBS supplemented 
with 5% FCS and 5 mM EDTA and resuspended in cold isoosmotic Optiprqp™ 
solution (Nycomed) containmg 5 mM EDTA. Upon centrifugation, the low-density 
fraction (LDF) routinely contains 20-30% DCs compared to 1% in the spleen. To 

10 assess TLR5 expression, DC (CDllc'' F4/80^^^ B220-), B lymphocytes (B220**" 
CDl IcO and macrophages(F4/80*'^^'') were isolated by FACS-sorting on a FACStar'*"^ 
flow cytometer (Becton Dickinson) after staining with appropriate antibodies. 

Cytokine specific ELISA. Cytokines (IL-12 p40, 11^12 p70 and TNF-a) 
15 were quantified in sera and culture supematant by sandwich ELISA kits from 
Pharmingen according to the manufacturer's recommendations. 

Preparation of human dendritic cells. For human DC preparation, 
progenitors were isolated from umbilical cord blood by positive selection using anti- 
20 CD34 mAb (Immu-1333, Immunotech), goat anti-mouse IgG microbeads and 
MACS® (Miltenyi Biotec). CD34'' cells were grown in RPMI-1640, 10% FCS, 200 
U/ml rhGM-CSF (Schering-Plough Research), 50 U/ml rhTNFD (PeproTech Inc.) 
and 10 U/ml rhSCF (R&D Systems). After 7 days, the cells (30-50% CDla^ DCs, 25- 
35% CDla'CDM"*" DC precursors, and xmdifferentiated CD34^ cells) were collected. 

25 

Adoptive transfer experiments. OVA-specific CD4'^ T cells were isolated 
from spleen and lymph nodes of DOll.lO SCID mice using MACS CD4 beads 
(Miltenyi Biotech) with a purity >98%. The cells were stained with 5 |iiM 
carboxyfluorescein diacetate succininyl ester (CFSE, Molecular Probes) and 4-5x10^ 
30 cells were injected i.v. in BALB/c recipient mice. One day later, mice were 
immunized i.v. with either PBS, flagellin and/or OVA and the splenocytes from 
immunized animals were analyzed 72 hours later by flow cytometry. CFSE positive 
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cells were then detected and counted among VpS"^ (present in the transgenic TCR) 
CD4* cells. 

RXAMPLE 1 

S. typhimurium induces expression of CCL20 gene in intestinal epithelial cells. 

5 The expression of the CCL20 chemokine gene in the human intestinal epithelial 
Caco-2 cell line grown on permeable filtras in response to various stimuli by real time 
RT-PCR and by ELISA. In untreated cells about 1.8 ± 1.0 x 10^ CCL20 copies per ng 
of total were detected which corresponds to ~10 copies per cell. TTie concentration of 
CCI20 in the apical and basal medium never exceeded 0.5 ng/ml. These obsCTvations 

10 confirmed the constitutive CCL20 gene expression in Caco-2 cells reported by others 
(11). 

Apical exposure of Caco-2 cells to virulent S. typhimurium ATCC14028 
resulted in efficient mfection since 0.25% bacteria were internalized within 2 h 
(supplementary material). The f anscription of CCL20 was maximally increased 
15 between 2 and 3.5 h after infection [15.2 ± 6.9 fold (n=20)] (Fig. la). Under these 
conditions, IL-8 transcription was increased 27.6 ± 7.8 fold as reported previously (1, 
15). Cd^O secretion increased significantiy 2 h after infection and reached a plateau 
at 6 h ^ig. lb). CCL20 secretion was partially polarized since 20 h after mfection 
64.8 ± 6.9 % (n=7) were recovered m the basal compartment. 

20 

EXAMPLE 2 

The CCL20 response is induced by pathogens. The specificity of CCL20 induction 
was analyzed in response to various bacteria encountered in the gut. The E. coli strain 
DH5-a and the commensal bacteria E. coli EMO, B. bifidiim, or B. vulgatus were 
25 unable to induce CCL20 expression (Fig. 2a and b). hi contrast, pathogenic bacteria 
including S. enteritidis and L. monocytogenes activated CCL20 transcription as 
efficiently as S. typhimurium (Fig. 2c). 



EXAMPLES 

30 CCL20 mduction does not require epithelial cell invasion. Invasion of epitheUal 
cell is dependent on a type m secretion system aicoded by Salmonella pathogenicity 
island 1 (SPI-1) that injects toxins, such as SopE, in tiie cytoplasm of epithelial cells 
(13, 22). These toxins induce membrane rulBQes resulting in bacterial intemalization 
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and disturb signalling pathways. Inactivation of flie hilA gene that encodes an 
activator of SPI-1 genes impairs invasion. The S. typhimurium hilA mutant SIN14 and 
the 5op^-inactivated strain SIN18 were found as efficient as ATCC 14028 to induce 
CCL20 expression in epithelial Caco-2 cells (Fig. 3a). CCL20 induction by heat- 
5 killed and live bacteria was not significantly different (Fig, 3a), thus ruling out a role 
of bacterial invasion. Therefore, our experiments indicated that CCL20 stimulation 
does not requhre epithelial cell invasion nor the injection of SopE toxin. 

EXAMPLE 4 

10 CCXZO-inducing factor is a heat stable secreted protein. ^S*. typhimurium 
supematant strongly induced CCL20 expression when applied apically on epithelial 
cells (Fig. 3c). LPS is a heat-resistant molecule of outer membrane from Gram 
negative bacteria involved in cell signalUng. Apical or basal treatment of Caco-2 cells 
with commercial S. typhimurium LPS or LPS pvuified from ATCC 14028 did not 

15 activate CCL20 gene transcription (Fig. 3b). Thus, LPS per se is not the induction 
factor for CCL20 stimulation. 

As observed with whole bacteria, heat treatment did not abolish the 
supematant activity (Fig. 3c). Trypsin digestion of the supematant, however, totally 
abrogated CCL20 induction. Altogether, these experiments indicated that the CCL20- 

20 specific induction factor is a heat-stable secreted protein. 



EXAMPLES 

Flagellin is the CCL20 induction factor. Flagellin, the subunit constituting the 
flagellar filament, is the major protein recovered from S. typhimurium or S. enteritidis 

25 supematants (Fig, 4c) (23). S. typhimurium produces two 52 KDa flagellins: FliC or 
FljB whereas S, enteritidis produces a single 56 KDa flagellin FliC. The yZ/C-deleted 
S. enteritidis SEFK32 was xmable to induce CCL20 gene expression in contrast to the 
parental strain SE857 (Fig. 4a). Complementation of fliC mutant with fliC gene from 
S, typhimurium fiilly restored CCL20 induction. In addition, 5. typhimurium mutants 

30 SIN20 or SIN22 producing either FljB or FliC stimulated CCL20 transcription to 
similar levels as wild-type bacteria (data not shown). Finally, purified S. typhimurium 
FliC flagellin activated CCL20 transcription in Caco-2 cells (ED50 - 20 pM and Fig. 
4b). Similar results were obtained using the T-84 epithelial cell Une (see Table). As 
recently reported (21, 24), flagellin was found to induce transcription of the IL-8 gene 
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in Caco-2 cells (Fig. 4a-b). Our experiments demonstrated that flagellin is required 
for the induction of CCL20 and IL-8 gene expression in epithelial intestinal cells. 

EXAMPLE 6 

5 Medium from flagellin-treated cells induces migration of immature DCs. Human 
immature DCs were able to migrate in response to rhCCL20 (Fig. 5). The migration 
was inhibited by incubation with CCL20-specific antibodies. Low migration of DCs 
was observed with basal medium from untreated cells, probably reflecting the 
constitutive secretion of CCL20 by Caco-2 cells. The basal medium from flagelUn- 

10 treated Caco-2 monolayers was as chemotactic as rhCCL20 at equivalent 
concentrations. Moreover, incubation of medium with CCL20-specific mAb fully 
abrogated chemotaxis. In conclusion, the migration of immature DCs medium from 
flagellin-stimulated Caco-2 is specifically dependent on CCL20 activity. 

15 EXAMPLE 7 

Flagellin sequences 190 and 354-494 are required for epithelial cell signalling. 

Stable transfectants of Caco-2 cells (human intestinal epithelial cells) with plasmid 
containing ccl20 promoter linked to firefly luciferase reporter gene were treated with 
various concentrations of flagellin, flagellin firagments or gCTietically engineered 

20 flagellin mutants in 96 wells microplates. (Truncated flagellin molecules were 
generated by genetic engineering of flicC encoding plasmid or by trypsin digestion of 
flicC flagellin from S. typhimurium,) After 18h incubation, cells were lysed and 
assayed for luciferase activity using Steady-Glo reagent (Promega). The fold increase 
in ccl20 gene transcription was determined as ratio of luminescence of sample on 

25 luminescence of cells treated with PBS. 

Results shown in figures 19, 20 and 21 demonstrate that the amino and carboxy 
terminal regions are required for cell signalling. The central region (between residues 
191 and 353), which is variable among flagellins from various Salmonella serotypes 
and from various bacterial species, does not play a role in signalling. Therefore, the 

30 essential region seems to be confined in two regions: residues from 1 to 190 and 
residues from 354 to 446. 

EXAMPLE 8. 
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Stimulation of antigen-specific IFN-y producing CD8+ lymphocytes by 
subcutaneously administered flagellin and MHC class I-restricted peptide. 

IFN-y ELISPOT are used to detemine the frequency of lymphocytes that 
produces IFNy in a lymphoid organ. Using an ovalbunfiin MHC class I restricted- 

5 peptide the inventors have now shown an increase of number of lymphocytes 
responding to the peptide when die peptide is administered subcutaneously (base of 
the tail) in presence of flagellin. As negative control, peptide alone was injected. As 
positive control, peptide was injected with an universal helper peptide derived from 
tetanus toxin and incomplete Freund's adjuvant (a naineral oil): this is known to 

10 trigger a strong CDS response. 



Protocol is as follows: DFN-y ELISPOT 

-Keep sterile until adding secondary ENF-y antibody 
-Few days before, spUt APC cells to have enough cells for the experiment 
1 5 -Make at least quadriplicate for each conditions 

DAY-1 

1- Coat overnight at RT the MuUtiscreen microplates with 75[il/well of capture 
antibody (34.1) diluted at 6jig/ml of PBS-> 44 ^il in 7.3 ml per plate 

2- Design the plates on paper 

20 DAY 0 

3- Collect tissues and effector cells on mice 

-The effector cells can be obtained from spleen or any other lymphoid tissue. 
Homogenize or digest the lymph nodes or the spleen and lyse the red blood cells. 

. wash the plate 3 times in RPMI-10 and let saturate with 100 [il/well in the 
25 incubator (at least 1 hoxu:). 

4 Count effector cells 

-Wash effector cells in RPMI-10 and resuspend in 10 ml 
-coimt the cells and prepare tubes with appropriate cell concentration and volume in 
30 order to dispatch 100 jil/well. 

Usually: for splenocytes or LN cells, count 1.10^ cells for 600 |il as first point. 
Then make serial dilution 1:10. Each point is done in triplicates. 

-23- 



wo 2004/022092 




ICT/GB2003/003797 



5 Distribute cells 

-Discard complete RPMI off the plates 

-add 100^ll/well of effector cells + peptide20-100 \iM in 100 RPMI-10/ 

5 well 

-incubate 15-24 hours at 37°C, 5 % C02. 
DAY+1 

6 Develop the Ehspot 

-Wash once Avith water 
10 -Wash 4 times with PBS-Tween 0.05% 

-Incubate 2h at BT^C (or overnight at 4°C) with 75nl/well of the detection 
antibody (35.1) diluted at 2ng/ml of PBS-T0.05 -> 30 ^il in 7.3 ml per plate 
-Wash 4 times with PBS-T0.05 

-Incubate for Ih at RT with lOOnl/well of Alkaline Phosphatase(AP)- 
1 5 Extravidin number 1 1 8 (diluted 1 :5000 in PBS-T) 
-Wash4timesinPBS-T 
-Wash 2 times in PBS, no tween 

-Add lOOjil/well of AP reagent and incubate at RT in the dark for 15-20 min 
(blue spots). 

20 -Stop the reaction by washing extensively with tap water and let dry. 

Materials : 

-Mulltiscreen microplates 96 wells (HA sterile plates 0.45 jxm, Millipore 
n°MAHAS4510) 

-Capture antibody: rat anti-mouse EFN-g R4-6A2 (Pharmingen n°18181D). 
25 -Detection antibody: biotin-conjugated rat anti-mouse IFN-g XMG1.2 

(Phamimgen n°18182D) 

-Extravidin-AP = Extravidin conjugated to Alkaline Phosphatase (Sigma, 
E26-36,n°118at4°C) 
-AP reagent: 
30 Buffer: -Tris-HCl pH 9.5 100 Mm 

-NaCl 100 mM 
-MgCb 50 mM 
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For 10 ml of bufifer.add 
-67 n\ of Nitroblue tetrazoUum chloride (NIBT) at 50 mg/ml in 100% Methanol 
(Sigma N-5514)-> final concentration: 0.33 mg/ml 

-20 ^l of 5-Bromo-4-chloro-3 indolylphosphate (BCIP) p-toluidine salt (Sigma B- 
8503) at 50 mg/ml in 100% dimethyl-Fonnamide CDMEF)-> final concentration : 0.1 
mg/ml 

EXAMPLE 9. 

Dendritic cells are specifically activated by flagellin. Mice were injected 
intravenously (tail vein) with PBS, flagellin or LPS (S.typhimurium). 6 hours post 
injection the spleens were harvested and splenocytes isolated. The isolated cells were 
analysed by flow cytometry. As shown in Figures 13A and 13B , dendritic cells are 
specifically activated by flagellin. 

EXAMPLE 10 

Flagellin is a systemic adjuvant. Mice were immunized subcutaneously (base of 
tail) on days 0 and 21 with PBS, flagellin, trypsin treated flageUin or LPS with 
ovalbumin. Serum was collected on days 28/35 and the serum antibody response 
measured using ELISA. 

EXAMPLE 11 

Systemic administration of flagellin potentiates the serum antibody response. 

Mice (inbred BALB/c and outbred NMRI) were immunized by subcutaneous route 
with flageUin (0.1 to 30 Dg) and/or OVA (10-100 Dg) formulated in 200 Dl 
endotoxin-firee PBS. Injections were performed on day 0 and day 21 days. Serum was 
sampled 2 and 5 weeks later and antibody response specific for flagellin or OVA was 
anal^^ed by ELISA. 

EXAMPLE 12 
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Flagellin induces maturation of dendritic cells in-vitro. Bone marrow-derived DCs 
were cultivated ftom femoral and tibial bones of mice as described above(4). Briefly, 
the bone marrow ceUs were depleted in RBC, plated at 2x10^ cells ml"^ in culture- 
treated 6-well plates (Nunc) in the presence of 10 ng/ml of GM-CSF (Biosource) in 
5 complete RPMI 1640 medium containing 10 % FCS (Myodone superplus), 2mM L- 
glutamine, 10 mM HEPES, 1 mM sodium pyruvate (Gibco BRL). Three days later, 
fresh medium supplemented with GM-CSF was added. On day 6, either whole ceUs 
or floating cells were stimulated as mentioned. 

The cell phenotype was analyzed by flow cytometry using antibodies specific for 
10 various surface markers. 
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CLAIMS 

1. A method of inducing an adaptive immune response in a patient to a target 
antigen comprising administering to said patient a flagellin protein, or a peptide 

S firagment thereof, in an amount effective to induce said response. 

2. A method according to claim 1 wherein the flagellin or peptide fragment 
thereof is capable of directly inducing the dendritic cell adaptive immune response. 

10 3. A method according to claim 1 or claim 2 wherein dendritic cell maturation is 
increased. 

4. A method according to any one of the preceding claims wherein the flagellin 
or peptide fragment thereof is administered via the mucosal route. 

15 

5. A method according to any one of the preceding claims wharein the flagellin 
or peptide fragment thereof is administered orally or intranasally. 

6. A method according to any one of the preceding claims wherein the flagellin 
20 protein includes at least one of the conserved regions of the N terminal sequence and 

the C terminal sequence of flagellin. 

7. A method according to any one of the preceding clain[is wherein the flagellin 
protein includes at least one of the conserved regions of residues 1-190 and 354-494 
of S, typhimurium as shown imderlined in Figure 8 herein. 

25 8. A method as claimed in any one of the preceding claims wherein the flagellin 
protein or peptide fragment and the target antigen are co-administered. 

9. Use of a flagellin protein or peptide fragment thereof in the manufacture of a 
medicament for the induction of an adaptive immune response. 

30 
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10. Use as claimed in Claim 9 characterised in that the medicament is for 
inducing recruitment of immature dendritic cells in mucosal vaccination such as to 
induce an adaptive immune response. 

5 11- Use as claimed in Claim 9 or Claim 10 above characterised in that the 
medicament is an adjuvant. 

12. A flagellin protein or peptide fragment thereof for use in therapy characterised 
in that the protein or peptide fragment is truncated, mutated or has deletions therein 

10 which allow it to retain its ability to induce the immune response. 

13. A flagellin protein or peptide fragment as claimed Claim 12 characterised in 
that it retains the ability to bind to intestinal or epithelial cell flagellin receptors and 
retain immune signalling. 

15 

14. A flagellin protein or peptide fragment as claimed in Claim 12 or Claim 13 
characterised in that the flagellin protein includes at least one of the conserved 
regions of residues 1-190 and 354-494 of S typhimurium as shown underlined in 
Figure 8 herein. 

20 

15. An adjuvant composition comprising a flagellin protein or peptide fragment 
thereof as claimed in any one of Claims 12 to 14 together with a pharmaceutically 
acceptable earner, excipient or diluent, or in sterile pyrogen free form. 

16. A vaccine composition comprising an adjuvant composition as claimed in 
25 claim 15 and a target antigen. 
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